The cost optimal methodology indicated by the European Directive 2010/31/UE represents the starting point to support decisions for refurbishment interventions. The procedure is much more useful if considering the limited available investments from Public Authorities or privates and represents an important decision tool to define the owners' constraints and the economic commitment in the years. However, the results are usually affected by the influence of some variables, among which there are the climatic conditions, subject of the present investigation. To quantify some effects, the best costs/benefits ratio is evaluated among some improvement scenarios built on a series of energy efficiency measures, in the climatic conditions of some locations. The first set of calculations compares energy performance and global costs referring to climatic data taken from the Italian National Standard UNI 10349 edition 1994 and 2016. The second analysis is performed, for one location, on the basis of the two reference climatic datasets and the registered climatic data of the last 20 years. From the results analysis, it can be observed the need of indications by the European Commission on a regularly reference climatic data updating, to guarantee in all the countries affordable calculations for the cost optimal refurbishment solutions, and on the introduction of a tolerance/confidence range to take into account the real climate variations.
INTRODUCTION
The application of the Directive 2010/31/EU on the energy performance of buildings regarding the nZEB target is a duty for new buildings, and it is indicated as suitable also for energy refurbishment [1] .
In this case, the possibility to respect the limits for nZEB is subdued to cost optimal evaluations: the requirements cannot be applied with negative results of the cost-benefit analysis over the economic lifecycle of the building. The analysis results depend also on the local climate conditions and this fact is considered in the EU Directive that indicates that the costeffectiveness must be related to it.
The importance of the cost optimal approach is stated by several documents of the European Commission on strategical indications for the energy performance improvement of buildings.
A benchmarking framework based on the cost-optimal methodology was used to monitor the progress in reaching cost-optimal levels of minimum energy performance requirements [2] in 2016 and to support national setting of realistic minimum energy performance requirements for buildings. It was highlighted that the average gap between minimum energy performance requirements and cost-optimal levels was set up to 15% above the cost-optimal level in most EU countries, for building major renovation and also referring to replacement of building elements. The results of the analyses put in evidence that there is still a significant potential for cost-effective energy savings by bridging the gap between the current minimum requirements and cost-optimal levels. Some EU founded projects are dedicated to deepen the Directive criteria and to give useful indication on the future smart strategies to develop.
Various pilot projects have applied to real case-studies the minimum requirements fixed by the Member States, in the case of nZEB new buildings and of buildings undergoing energy requalification to achieve energy performance equal or similar to those of a nZEB (i.e. schools, [3] ).
Within the Concerted Action EPBD, a joint initiative between EU Member States and the EU Commission, built to contribute to the increase of EU buildings energy performance, through the exchange of knowledge and best practices among the EU countries, several initiatives have been developed [4] .
The application of the European Commission indications for the calculation of the optimal levels of efficiency in terms of costs has been monitored in the various Member States, each of which is characterized by different climatic conditions, construction types and market laws. It is recognised that designers need to establish a margin that can absorb not only the variations caused by user behaviour but also by the climate [4] .
The costs of the actions indicated by the European Directive 2010/31/UE are subdued to a verification of their real effectiveness.
Researches based on the global energy balance, like [5] , put in evidence that methods to choice the priority of renovation actions need to take into account multiple performance requirements, and also climate change. The refurbishment policies should be finalised to reach several goals such as energy saving, CO2 emissions reduction, or increasing indoor environmental comfort. The design main targets and not only the external conditions can affect the energy use and the operational costs. Therefore their clear definition is one of the needs in the preliminary phase of the refurbishment design [5] .
The updating proposal of the EU Directive 2010/31/EU underlines the importance of cyclically revising the procedures for calculating energy performance, as well as the results achieved through their application, based on a constant monitoring action [6] Studies on the cost-optimal and nZEB refurbishment levels have been performed referring to representative climates, identifying reference targets and technical solutions that can guide the development of new energy requirements and targeted policies, such as in [7] . However, there is a diffuse absence of indications about the quality of input climatic data and the reference values updating to take into account the climate variations.
An affordable climatic dataset is indispensable to estimate the energy performance of buildings, as it represents one of the main inputs to simulate the thermal behaviour of buildings and has a significant impact on the output of the simulation.
From studies about the effects of climatic data in the calculation of the energy performance of buildings [8] , the results obtained for a nearly zero-energy building show that relevant differences can be obtained. The climatic data of several locations were compared, to show the differences between two conventional climatic data set, to be used in the energy performance of buildings calculations, as stated by Italian national laws.
This aspect is complex, as all the most general indications must be customized, taking into account affordable reference data that should be frequently updated. The National Standard Organisation of each country should have a plan of climate data updating to assure the use of the same data for all the energy evaluations. As a direct consequence, the results of the calculations should be more easily comparable each other, controllable, moreover they should be a more reliable reference for the cost-benefit evaluations.
In Italy, since 1994, the National Standard UNI 10349 [9] was used as reference for the monthly means of air temperature, water vapor pressure, wind speed, and direct and diffuse solar irradiation. Also reference climatic data for building systems design were provided. The data were elaborated from series referring to the period 1951-1970. The accuracy of sensors wasn't comparable with more recent acquisitions and moreover some series were incomplete, mostly for solar radiation and relative humidity.
The UNI 10349 Standard has been updated recently, in 2016, following the indications of International standard EN ISO 15927 [10] : it contains test reference years (hourly values) and monthly average data, for 110 Italian locations, developed by the Thermotechnical Italian Committee, CTI. They can be used respectively in the dynamic simulation procedures and in the steady state method, indicated in EN ISO 13790 [11] .
The need of a systematic update of the climate data can be supported to the considerations that can be done on the real global costs evaluations: a comparison between the actual economic savings obtained and the calculated one in the refurbishment design puts in evidence the influence of the real climate variations.
Therefore two main aspects are intended to be discussed: the importance of common indications on the updating of climatic data series, to perform comparable analyses in the different European countries and the reliability of the economic evaluations, which start from the energy performance calculations that are based on reference climatic data.
For a global assessment the efficiency measures to reduce the energy needs and to increase systems energy efficiency, and renewable energy use must work together [12] .
The present analysis focuses on the influence of the temperature and solar radiation on the building envelope, to better highlight the effect of the climatic data on the calculations.
EVALUATION PROCEDURE -COMPARISON BETWEEN TWO REFERENCE CLIMATE DATASETS
The evaluation procedures regarding the first target have been developed as following.
STEP 1 -Choice of the climatic data set. A wide analysis of the dataset available on the website of the Italian Thermo-technical Committee [13] and in [9] , has been developed.
The attention has been focused mainly to temperature and solar radiation, and a comparison of the monthly mean data of more than 100 locations in Italy, indicated by the National Standard UNI 10349, dated 1994 and 2016 [9] has been carried out.
From the analysis, three locations have been chosen, to highlight the effects of the climatic data variations on the energy and economic evaluation, on the basis of the following criteria (some data are resumed in Table 1 ):
• same climatic zone E based on the HDD values (Bolzano, 2791, Trento, 2567, Perugia, 2289); • same latitude for two locations (Bolzano, 46.4936°, Trento, 46.0793°), distant approximatively 60 km each other, different from the third location (Perugia, 43.0977°); • significant mean variation of the temperature in the winter season (from October to March), higher than 10% (T, column 3, Tab.1).
• significant mean variation of solar irradiation referring to the winter period, for the first two locations (Bolzano and Trento), but with opposite sign and small variation for the third location (R, column 3, Tab.1);
• similar maximum temperature and irradiation variations referring to the winter period, with opposite sign (column 4-5 Tab.1). The comparison between temperature and irradiation data taken from the UNI 10349 ver.1994 and 2016 are indicated in fig.1, 2 and 3 , where can be observed the opposite sign changes for both the T and R data of the first two locations, Trento and Bolzano. (Fig.4) . 
by insulation panels applied on the internal side of the external wall. The chosen materials are represented by wooden fibre board and polystyrene with thickness equal to 5 cm and 2 cm of internal plaster, to avoid excess reduction of the internal space. Moreover, it is considered that the 10 cm air layer of wall W1 can be filled by loose insulating material (cellulose or polyurethane foam).
The insulating materials have been chosen for their availability and also for their sustainability in terms of environmental degradation, climate change, and energy consumption. Some parameters (conductivity, density, vapour permeability) are shown in Table 3 . External insulation wasn't taken into account, because of its higher costs that could be considered mainly when the whole faç ade restoration is needed.
The same level of windows retrofit has been chosen for all the cases, to reach the limit value in all the retrofitting solutions, corresponding to a double glass 4-8-4 mm, filled with Argon, with a low emissivity surface treatment and a PVC frame. STEP 5 -Energy performance calculations. They have been carried on using the climatic data of the three locations, by means of a software based on monthly energy balances, following the indications of the EN ISO 13790 [11] , and the national guidelines of the UNI TS 11300 [16] , approximatively on the basis of the same procedure indicated in [17] , here synthetized:
• Boundary conditions definition -Internal temperature has been set to 20°C in the heating period that has been calculated according to Italian national regulations [18] . Thermal bridges have been neglected; • Existing configuration performance calculations, by using the thermal transmittances indicated for the external wall of the case study; • Refurbishment options -Calculations: analyses of some solutions for the insulating improvement to obtain low U-values that are compared with the Refurbishment and nZEB U-values (Table 4) [14] . STEP 6 -Cost optimal evaluation. The cost-optimal assessment intends to individuate the energy performance level which leads to the lowest cost during the estimated economic lifecycle [1] .
The global cost calculation for the different solutions has been carried out using the EN 15459:2017 [19] , the update of the previous standard EN 15459:2007.
The new global cost equation applied is the following:
where: -, Initial Investment Costs, achieved from the price list for the execution of public works and maintenances of the City of Milan. [20] -( ) ( ), the Annual Cost for component or service j for year i. Annual Costs are the sum of all costs occurring during a specific year and involve energy consumption, operational, maintenance and replacement costs of each envelope and system component.
-( ) ( ) , the price development for year i for component or service j; for the evolution of prices over the calculation period.
-_ ( ), the discount factor for year i, calculated from a discount rate equal to 1.63%, derived from the difference between the actualization rate, equal to 2.32% [21] and the inflation rate equal to 0.69% [22] .
-( ) ( ) , the disposal cost for decommissioning, deconstruction and disposal in last year of lifecycle of component j; this cost is the main innovation of the update Standard.
-( ) , is the residual value for component j at the end of the calculation period.
This new equation has been applied both to the new and the old climatic data, to better put in evidence the weight of this input. Therefore, for each retrofitting action corresponds the same global cost; in this way the change in the cost-optimality solutions depends only from the reference climatic data. The results of the cost-optimal investigation (Fig. 5, 6 and 7) put in evidence that for Trento and Bolzano the climatic data give a different response for the strategies to apply, on the basis of the two climatic datasets. Referring to the most recent dataset, for Bolzano ( fig.5) , the target in terms of energy performance is good for all the refurbishment measures and the main decision is demanded to the economic investment. The higher winter temperatures jointed with the higher irradiation values, give better results both in terms of heat losses and gains. The opposite effect can be observed for the second location, Trento ( fig.6 ), where the updated climatic dataset gives meanly lower temperature and irradiation values. In this case some solutions, both in terms of energy consumption and costs, give unsatisfying results.
The case of Perugia ( fig.7 ) puts in evidence that not in all locations significant differences can be observed. In this case, even if some variations have been previously evidenced, the temperature and irradiation values vary slightly, and with opposite sign. Therefore, with the two climatic dataset (indicated by smaller and larger symbols), the calculations lead to similar energy consumption values and limited costs variations.
Otherwise, from these results, it can be observed that the best cost-effectiveness solutions don't change, remaining the Scenario 1 and 5 the best ones. This confirms that, when possible, the cellulose and the polyurethane foam air gap filling represents the best insulation measure, that associates to a lower cost the best energy performance, corresponding to the nZEB goal.
From the results analysis, it is evident the important weight of the normative modification in climatic data application, since the cost-optimal diagram changes, in particular in the distributions of the scenarios.
EVALUATION PROCEDURE -COMPARISON BETWEEN REFERENCE AND REAL CLIMATE DATASETS
As mentioned above, the present investigation has been performed to show the need of an affordability margin or the definition of a tolerance range to be indicated together with the cost-optimal solutions. This analysis, which is considered preliminary to a series of evaluations related to the identification of cost-optimal solutions, wants to highlight only the effect of the temperature variations. Therefore, the same case study already presented has been used, modifying the orientation from South to North, to minimise the solar gains. Further analyses will be developed later, to take into account the combined effects of temperature and solar radiation.
The comparison between the calculations performed on the basis of the reference climatic datasets of a location, for which real monthly mean data are available in a 20 years period, has been performed.
The monthly average climate data for each year from 1997 to 2017 of Genoa, HDD 1435, lat 44.4264°, were used, to calculate the final energy needs for heating expressed as kWh.m-2, year by year, referring to the wall W1 and to the Scenario 5, which represents, for walls with air layer, the best choice solution, and allows to reach the transmittance value corresponding to nZEB, in each climatic zone. The updated reference data correspond to an average temperature in January and February higher than the average values of the previous 20 years and the previous data series (1994) . Figure 9 indicates the values of the net energy needs calculated on the basis of the monthly average data for each year compared with the average value over 20 years and the values calculated with reference to the climatic datasets of UNI10349 ver.1994 and 2016.
The cost evaluation has followed the previously indicated procedure, with the data referred to the case-study, on the basis of eq.(1), assuming the energy performance indicators calculated by means of the climatic datasets corresponding to the following four scenarios:
1 -Reference climatic data taken from UNI 10349:1994; 2 -Reference climatic data taken from UNI 10349:2016; 3 -Climatic data of the year that leads to the highest energy needs in fig.9 , corresponding to year 2005. The data are considered in the calculations as representing the reference climatic data over the whole period of 20 years, taken as reference for the cost-analysis;
4 -Climatic data of the year that leads to the lowest energy needs in fig.9 , corresponding to year 2016 (with the same considerations as scenario 3).
The results show that all the cost evaluations can be included in a range (blue area in fig.10 ) defined by the values corresponding to the Scenario 3 and 4. In fig.10 the results obtained by means of the conditions indicated as Scenario 1 and 2 correspond to reference climatic datasets dated 1994 and 2016. Even if the scenario 1 seems to be more representative than the more recent scenario 2, this last one is in force for the energy performance calculations.
On the basis of this climatic dataset, the lowest and the highest values of the range correspond respectively to -6% and +27% referring to the Scenario 2.
Taking into account these results, in this case, performing the cost-analysis to find the cost-optimal refurbishment solution, the uncertainty margin could be considered between 6 and 27%. 
CONCLUSIONS
The analyses referring to the two climate series (referred to the 1994 and 2016 datasets) highlight a difference that can influence decisions on the opportunities for action and intervention. It would be suitable to establish at European Community level a procedure for periodically updating the reference climate data, if possible on a ten-year basis, so as to be able to uniformly guarantee the best intervention opportunities in all countries with regard to the most reliable climatic conditions.
The comparison between the reference datasets calculations, and the ones performed on the basis of monthly mean monitored data, allow to consider that an uncertainty margin could be suggested in the cost-optimal analysis. To quantify better the variation range, wider investigations must be developed: the obtained results represent a starting point that will be deepened in the next future.
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